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Resistance to Inundation and Its Utilization by 
Heptathela kimurai (Araneae: Liphistiidae) 

Narayoshi Kikuya^^ 


Abstract The tolerance for flood damage of the liphistiid spider, Heptathela 
kimurai, was studied. The trap door of the spider has mechanical system in water 
sealing like the function of one-way valve. The result of experiment indicates that 
the spider is able to endure the inundation by the movement of “drifting, resting 
and swimming.” The spiders of Heptethela kimurai must harness the inundation to 
spread their distribution. 


Introduction 

The liphistiid spider, Heptathela kimurai Kishida, is distributed in Kyushu, 
Japan, digging a nest hole under the ground surface of slope or cliff (Kikuya, 1980). 
The hole is made on hillside (Figs. 1-2), and a trap door is bunging at the entrance 
of the hole (Kikuya, 1982 a, b, 1993) (Figs. 3-4). 

Usually, water flows down in a stream when it rains, and brings the danger of 
inundation on spider’s nest holes. A few studies were carried out on the relation 
between the nest hole and the rainfall. Otsuka (1963) reported that the egg sacs 
were damaged by a spell of rainfall breaking into the spider’s nest. On the other 
hand, Kikuya (1980) reported that the spiders of Heptathela kimurai preferably 
nested on both sides of rivers (Fig. 5). This fact gives rise to the question how did 
they go across the river, when the flood damaged the nest holes. 

This paper reports on some results obtained from the experiment of imitated 
(artificial) rainfall under natural field condition, and describes that the spiders have 
a special ability against inundation. 


Study Areas 

1. Experiments with imitated rainfall in natural fields. 

Experiments were done at three places in Oita Pref., Kyushu as follows. Of 
these, two were on the slope of inclination 37° ^48° and the other one was in the 
flat field of inclination 2°. Seven to nine populations were respectively found there, 
and three or four populations nearest to the road were used for the experiments. 
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Number of populations 

Fig. 1. Vertical distribution of Heptathela kimurai (after Kikuya, 1980). 
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Fig. 2. Frequency distribution of the spider’s nest and inclination of soil surface 
(after Kikuya, 1982). 


In Figs. 6-7 the outline and views of the fields are shown. 

1) Umedzu-goshi Pass (480 meters above the sea level) in Ume Town. 

Eight populations were found at a wide and naked slope in a road side forest 

of Pinus densiflora. The trap doors were made of only soil or sand particles 
fastened by spider’s spinning yarn. 

2) Toh-shima Island (18 meters above the sea level) in Saiki City. 

Seven populations were found at a slope covered with mosses along a narrow 
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Fig. 3. A trap door of Heptathela kimurai (width 
about 10 mm). 
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Fig. 4. Structure of the trap door of Heptathela kimurai (after Kikuya, 1993). 


road in the forest of Quercus phillyraeoides. The trap doors used in the experiment 
were covered with mosses. Many crabs of Chiromantes haematocheir live around 
the trap doors in this experiment area. 
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The Sea of Suoh 

A:Yamakuni River 
BrYakkan River 
Beppu Bay 
C:Tanoura River 
D.’Harai River 
ErSumiyoshi River 
F:Oita River 
G:Otozu River 
HrOhno River 
I:Nyuu River 
J:Kida River 
K:Koneko River 
LrShyuuki River 

Fig. 5. Location of the nests 
in northern Kyushu. 


The Bungo Channel 

MrNakanouchi River 
N:Banjyoo River 

The Sea of Hyuga 
0:Kita River 
P:Gokase River 
QrHinokage River 

Ariake Sea 

R:Kusu—Chikugo River 


of Heptathela kimurai along the rivers 


3) Ono-ue Hill (180 meters above the sea level) in Naokawa Village. 

Nine populations were found on a flat and naked ground beside the forest of 
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Fig. 6. Map showing the study areas.-A, Umedzu-goshi Pass; B, Toh-shima 

Island; C, Ono-ue Hill; D, Kozoh-zako Hill; E, Notsuharu Height where the 
spiders were collected. The vertical line in the right side: 132°N. 



Fig. 7. Study sites. 


Ono-ue Hill 
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Fig. 8. The devices to make imitated rainfall. Divice for stream (top, left), 
spraying nozzle (top, right) and imitated rainfall kit (bottom). 


Quercus acutissima on the top of a small hill. The direction of nest hole under 
ground were nearly vertical and the inclination of the trap doors was only 2°. The 
trap doors were not bunging. 

2. Experiment for study on the endurances of the spiders against inundation. 

The experiments were carried out in Kozoh-zako field in western part of Oita 
City. The devices used for the experiment are a water pot of 1.5 liters, a long tube 
of 180 meters, water sprayers of various sizes and a ditch of 50 meters long (Fig. 9). 
The spiders used in the experiment were collected at Notsuharu Town in Oita Pref. 

Material and Method 

1. Experiments with imitated rainfall in natural fields. 

The trap doors used in the experiments were surrounded by plastic plates in 
each field. Imitated rainfall was sprayed from one meter above the ground 
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surface by handy sprayer. The rainfall was given in three degrees: 2 liters/hour 
(as 10 mm rainfall), 10 liters/hour (as 50 mm rainfall), and 90 liters/hour (as 450 mm 
rainfall, “very heavy rain”). 

Fig. 8 shows the devices which were used for the experiments of imitated 
rainfall. 

2. Experiment for study on the endurance of the spiders against inundation. 

The spiders used in experiments were collected in the field in the forest of 
Quercus glauca which will be destroyed in a near future by the construction for a 
new road. The spiders were dropped down into the water in various conditions, 
and were observed for a certain period of time enough to complete the experiment. 

1) Experiment in still water. 

Each individual was dropped down into the still water which was prepared in 
a pot, and the action was observed for thirty minutes. 

2) Experiment in circulating water. 

Each individual was dropped down into the center of an eddy in circulating 
water, and the action was observed for thirty minutes. 

3) Experiment in running water of stream. 

Each individual was put on the passage point of the tube or ditch for the 
stream or flash water. In the artificial stream by city water, the water head 
pressure was adjusted to 2-3.7 kg/cm^ and the velocity was set for 8-10 km/hour. 

The devices used for study on endurance of spider against the flood are shown 
in Fig. 9. 


Result 

1. Experiment with imitated rainfall. 

1) Umedzu-goshi Pass (480 meters above the sea level.). 

The study fields were found in the forest of Pinus densiflora, and the ground 
surface of the fields was covered with A so volcanic ashes. The trap doors of the 
spiders used in the experiment was located on the slope of inclination of 37 degrees. 

The imitated rainfall was made by water sprayers with the tank capacities of 
4 liters, 20 liters, and 200 liters. A scene of making artificial rainfall is shown in 
Fig. 10. 

a) 10 millimeters precipitation (2 liters/hour). 

About thirty minutes after the beginning of the imitated rainfall, the surface 
of trap doors and ground became only damp. After about one hour, the very faint 
and slow stream of water was observed. The speed of the stream was 0.5 meters 
per hour. In this condition, the outer surface and edge of the inner surface of the 
trap door were wet, and the frame of the entrance was wet, too. The trap door 
was shut tightly by the surface tension of water. 

The stream was divided into two parallel ways along the trap door’s edge. 
The imitated rainfall of 10 millimeters precipitation did not inundate the spider’s 
nest hole, and the spider used it as usual. 

b) 50 millimeters precipitation (10 liters/hour). 

When the imitated rainfall was made, the surface of trap doors and ground 
became only damp after six minutes. After that, the stream of the rainfall begun 



, . ^ , D=60cm. L=50ni. 

Fig. 9. The devices for study on endurance of spider against the water. 

to flow in the speed of 2.5 meters per hour. But the stream was divided into two 
parallel ways along the trap door’s edge. The stream did not inundate the hole, 
too, and the spider had used the nest hole as usual, too, 
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Fig. 10. Execution of the experiment with imitated rainfall. 


c) 450 millimeters precipitation (90 liters/hour). 

When the imitated rainfall was made, the stream had begun to flow down only 
after thirty-two seconds on the surface of trap doors and ground. The rainfall 
went down in a fast stream in the speed of 22.5 meters per hour and it drenched 
all the basin. The trap door was sealed up tightly by the weight of the stream 
itself, so the stream did not inundate the nest and the spider used the nest hole as 
usual. Figure 11 shows the phases of trap door’s surface when they were get wet 
with rainfall, and Table 1 shows the relation between the volume of water and the 
condition of trap door. 

2) Toh-shima Island (18 meters above the sea level). 

The study fields were found in the forest of Quercus phillyraeoides on a small 
island that was covered with coastal lower plants. The slope used in the experiment 
had an inclination of 45 degrees. The trap doors of the spiders on this island 
were covered with mosses unlike those at Umedzu-goshi. But the result (shown in 
Table 1) was similar to that in Umedzu-goshi. 

3) Ono-ue Hill (180 meters above the sea level). 

The study field was located beside the forest of Quercus acutissima on the top 
of a small hill. The fields had an inclination of only 2 degrees, that is, almost on 
a flat surface, so the trap doors used in the experiment were made horizontally, 
being different from those on Umedzu-goshi Pass and Toh-shima Island. However, 
the trap doors were covered with mosses as in Toh-shima Island. 

The result (shown in Table 1) was similar to that in Umedzu-goshi. 

Conclusion. According to these results it can be safely said that the rainfall 
do not flood into spider’s nest hole under natural conditions. The trap doors 
have mechanical water seal system as the function of one-way valve used in city- 
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Table 1. The state of door after the lapse of time when it rained on the field. 
(Result of experiment with imitated rainfall.) 




Itoor was iiiojsl.eiied. 



Dcx)i' was drenched. 


• We.ak streadTi divided into 2 

parallel ways along doer’s edge. 




Strong' stream inundated door. 
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Fig. 11. The phases of trap door’s surface when they were get wet with rain¬ 
fall.-A, Before experiment; B, dried; C, moistened; D, drenched; E, 

slightly flooded; F, inundated. 


water-line. 

All individuals of Heptathela kimurai must have the ability of door making 
technique whenever they were born. Probably, they have instinctively a water 
guard system in their life, so the egg sacs were guarded against flood by the trap 
door with mechanical ability as one-way valve. 

2. Experiment for study on the endurances of the spiders against the inun¬ 
dation. 

1) Movement of spider in still water. 

A female of spider Heptathela kimurai was dropped down into still water in a 
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Fig. 12. A female spider (body length about 15 
mm) and her egg sac, 15 minutes after the 
beginning of the experiment. 


pot with 15 cm depth and 12 cm in diameter (Fig. 9), and was observed for thirty 
minutes. 

Table 2 shows the result of this observation of the spider when she was in the 
still water. It classified into some aspects of the movement as follows: 

A spider shrank her legs and rested in the water with drifting. 

Sometimes the drifting spider stretched her legs and spread out in the water. 

Sometimes the drifting spider swam in the water and tried to climb up on the 
pot wall. 

The spider’s body was fully parcelled by air bubble when she sank into the 
bottom. 

The spider was never drowned. 

The spider was still alive and in good health when the experiment was finished. 

2) Movement of spider in circulated water. 

A female spider of Heptathela kimurai was dropped down into circulated water 
in the same pot. The spider was drowned toward a center of an eddy bottom, after 
2 minutes the spider floated on the water surface and was drifting slowly. After 
that the drifting spider showed the movement as same as in still water (Table 3). 
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Table 2. Spider’s movement in still water, observed at each apointed time. 



A spider siiranl^. adl 
legs and floated. 



A spider stretehed 
all legs and swam.'^ \ 


A spider stretched 
all legs and drifted. 


Tablep. Spider’s movement in][circulated water. 





A spider sl'irank all 
legs and floated. 



A spider stretched 
all legs and swam. 




A spider stretched 
all legs and drifted. 


3) Movement of spider in running water of stream. 

a) Stream in the vinyl chloride tube (180 m length, 2.5 cm in diameter) (Fig. 9). 
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Table 4. Spider’s movement in flowing water in the tube. 


start 2Qn. 40in. 60m. 80m. UX)m. J20m. 140m. 160m. ISOm. 


No. 1 

female 


Kst- 


^Sw. 


•Sh,—St.-Sw.- 


-Sh. 


♦St .—Me.-’Tb. 


No. 2 

female 


No. 3 

male 


•Sh. 


•St.--Sh.--St .-S w 


♦St.—Mc.- 


♦St.--Tb. 


Me.-'Sw. 


•St.—Sh.- 


♦Me.--Sh.—St. 


-Sw.--Sh. 

Tb. 


Sh. : A spider shrank all legs and carried away. 

St. A spider sti^tched and nueved all legs while carried awa.y. 
Me. I A spider made every effort to cling on inner wall of the tube. 
Sw, : A spider swam and floa.ted down. 

Tb . : A .spider was tadien bark. 


A female spider of Heptathela kimurai was put into the vinyl chloride tube. 
The spider began to walk in the tube. After one minute, city water (that had a 
water head of 3.7 kg/cm^ and a velocity of 10 km/hour) had flashed into the tube. 
The spider was drifted in the stream and she could not swim against the stream. 
The movement of the spider was observed during the spider stayed in the tube. It 
was similar to that shown by the spider in still water (Table 4). 

b) Stream in the ditch (50 m long, 40 cm wide, 60 cm in depth) (Fig. 9, 
bottom). 

The ditch used in the experiment is called “U-type ditch.” A female spider 
of Heptathela kimurai was put on the bottom of the ditch that was set along the 
lower side of a bamboo forest at Kozoh-zako field, in Oita City. The city water 
(a water head of 2.2 kg/cm^ and a velocity of 8 km/hour) was flushed into the 
ditch. The spider did not swim against the stream and was drifted away, sometimes 
she caught a drifting leaf or side wall of the ditch. 

The movement of the spider was observed during the stay of spider in stream. 
It was similar to that shown by the spider in still water (Table 5). 

Conclusion. According to these results it can be concluded that the spider, 
Heptathela kimurai^ has the ability of endurance for the water damage even in a 
strong stream of flashing water. The spider is able to endure by the action of 
“drifting, resting or swimming.” The results show that the spider, Heptathela 
kimurai, should not be drowned by a flood. 
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Table 5. Spider’s movement in streaming ditch. 


N'O. of \ 
Individual. 


^start 




Om. 


20m. 




30m. 
jL _ 


40m. 50m. 

__z_. 


No. 1 


No. 2 

Male 


No. 3 


Sh.- 


Mc. 


"St.- 


"Mc. 


"St. 


"Sw." 


Sh. 


"St. 


"Sw.- 


-Sh.- 


"Sh.-'Me.—’Es. 

Tb. 


""Sw. ‘Sh.~ 


-St .- 


-Tb. 


"CL 


‘Tb. 


Sh. 

St. 

Me. 

Sw. 

CL. 

Efe. 

Tb. 


A spider siira.nk all legs and carried away. 

A spider stretched and moved all legs while carried awa;y. 

A spider made every effort to clii'ig on inner wall of the tube. 
A spider swajn and floated down. 

A spider clung to driftirg things and floa,ted down. 

A spider escaped frem the stream to cling the wall of ditch. 

A spider was taken back. 


Discussion 

The spiders of Heptathela kimurai inhabit the forests in Oita Prefecture and 
are abundant on the slope or on the wall of the cliff. They had rich experience of 
so many landslides by heavy rains or locally torrential downpours. When the 
landslide broke out on the slope or the cliff, the nest holes of Heptathela kimurai 
were broken, too. Therefore, the spiders obtained the ability of dealing with 
water. The spiders of Heptathela kimurai are able to defend their egg sacs and 
themselves from heavy rain by mechanical sealing of the trap door. They are also 
able to defend themselves against the inundation by their movement, for example, to 
drift, to rest or to swim with shrinking and stretching their legs. 

When the landslide is broken out on the slope or cliff, the spiders themselves 
and egg sacs are flushed out into the muddy water, and carried away to inundated 
river with muddy water. Then, the stream carries them to the lower part of the 
river. However, the stream in the river frequently clashes with the opposite shore 
especially in strong curvatures, so the spiders have many chances to reach the 
opposite shore. Still more, the stream in the river is often disordered in the sharp 
curve with many wreckages, on which some drifting spiders are able to cling to 
reach the opposite shore. 

The inundation can carry the spiders to opposite shore. Thus, Heptathela 
kimurai should be distributed on both sides of a river, 
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